It has been reported that complement is activated on the surface of activated platelets, despite the presence of multiple regulators of complement activation. To reinvestigate the mechanisms by which activated platelets bind to complement components, the presence of complement proteins on the surfaces of nonactivated and thrombin receptor-activating peptide-activated platelets was analyzed by flow cytometry and Western blot analyses. C1q, C4, C3, and C9 were found to bind to thrombin receptor-activating peptideactivated platelets in lepirudin-anticoagulated platelet-rich plasma (PRP) and whole blood. However, inhibiting complement activation at the C1q or C3 level did not block the binding of C3 to activated platelets. Diluting PRP and chelating divalent cations also had no effect, further indicating that the deposition of complement components was independent of complement activation. Furthermore, washed, activated platelets bound added C1q and C3 to the same extent as platelets in PRP. The use of mAbs against different forms of C3 demonstrated that the bound C3 consisted of C3(H 2 O). Furthermore, exogenously added soluble complement receptor 1 was shown to bind to this form of platelet-bound C3. These observations indicate that there is no complement activation on the surface of platelets under physiological conditions. This situation is in direct contrast to a number of pathological conditions in which regulators of complement activation are lacking and thrombocytopenia and thrombotic disease are the ultimate result. However, the generation of C3(H 2 O) represents nonproteolytic activation of C3 and after factor I cleavage may act as a ligand for receptor binding.
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A berrations in the complement system are associated with an increased risk of pathological thrombotic processes, such as myocardial infarction and stroke. Support for direct involvement of complement in these conditions has come from reports of the generation of complement activation fragments in myocardial infarction and unstable angina (1) (2) (3) (4) . Complement activation also is associated with a wide range of other clinical conditions that involve platelet activation, including sepsis (5) and systemic lupus erythematosis (6) .
We have shown recently that complement activation is triggered by the chondroitin sulfate (CS) that is released by activated platelets (7) . Activation by thrombin receptor-activating peptide (TRAP)6 was found to induce fluid-phase complement activation, as reflected by the generation of the complement activation products C3a and sC5b-9. C1q was identified as the recognition molecule involved, because it bound directly to CS and CS-triggered complement activation could be restored in C1q-depleted serum by adding purified C1q. TRAP activation of whole blood increased the expression of CD11b on leukocytes and the generation of leukocyte/platelet complexes. These leukocyte functions were dependent on C3 activation and signaling via C5a, because they could be inhibited by complement inhibition and blockade of C5aR (7) .
This reaction adds an additional mechanism to the previously reported mechanisms of complement activation under physiological conditions, which have been confined to the platelet surface. Del Conde et al. (8) and Peerschke et al. (9) have reported that complement is activated by the alternative and the classical pathways, respectively, on the surfaces of activated platelets. However, there is a lack of congruity between the observation that complement activation takes place on activated platelets and the previously reported expression of complement regulatory proteins on the platelet surfaces: decay-accelerating factor, MCP, and CD59 have been reported to be present on platelets (10) (11) (12) .
The protective capacity of these regulators is in line with the complement activation reported in several pathological conditions in which complement regulators are missing or are dysfunctional, such as paroxysmal nocturnal hemoglobulinuria and atypical hemolytic-uremic syndrome (aHUS). Under these conditions, complement attack leads to platelet activation and thrombotic conditions. Supporting the notion that complement activation is carefully regulated on the platelet surface is a series of papers by Sims and coworkers (13) , who have demonstrated that directed complement attack is needed to trigger complement activation and that this complement-mediated attack leads to platelet activation and the generation of microparticles via C5b-9. Thus, the mechanisms by which complement activation might be triggered by activated platelets under physiological conditions still need to be established.
In the current study, we have reinvestigated the previously reported binding of complement proteins to activated platelets. We found that many of the important components of the complement cascade bound to the surfaces of activated platelets, including C1q, C4, C3, and C9. However, we saw no evidence of any major proteolytically triggered complement activation, suggesting that no regular complement activation occurs when platelets are activated. Thus, our findings suggest that under physiological conditions complement activation is regulated carefully on the surfaces of activated platelets. Furthermore, we found that C3 present on activated platelets may act as a ligand for binding to complement receptor 1 (CR1).
Materials and Methods

Purified complement proteins
Human C1q was prepared from human serum as described by Tenner et al. (14) , and C3 and factor I were prepared from plasma according to Hammer et al. (15) and Fearon (16) , respectively. Factor H was prepared from human serum essentially according to Hammer et al. (15) except that the first step consisted of euglobulin precipitation (17) . C3(H 2 O) was produced by repeated freeze-thawing of C3 (18); C3b was produced by incubating C3 with trypsin, followed by gel filtration to remove C3a; and iC3b was produced by incubating C3b with factor I, using factor H as a cofactor. Soluble CR1 (sCR1) BRL 55730 was a kind gift from Dr. Henry Marsh (GlaxoSmithKline, Research Triangle Park, NC). The a-2-macroglobulin M6159 was purchased from Sigma-Aldrich (St. Louis).
Blood samples
Blood samples were obtained from healthy volunteers who had received no medication for at least 10 d prior to donation. Blood was drawn into 7-ml vacutainer tubes containing 100 ml of 5 mg/ml lepirudin (Schering AG, Saksa, Germany). To obtain platelet-rich plasma (PRP), blood was centrifuged at 150 3 g for 15 min at room temperature (RT) within 30 min of collection.
Platelet activation
Platelets were activated in lepirudin-anticoagulated whole blood or PRP at 37˚C by adding TRAP6 (Invitrogen, Carlsbad, CA) to a final concentration of 25 mg/ml (33.5 mM). Activation was stopped by the addition of 10 mM EDTA (final concentration). In other experiments, PRP or whole blood was activated in the presence of 10 mM Compstatin (a potent C3 inhibitor, Ac-ICV (1MeW)QDWGAHRCT-NH 2 ) (19), 10 mM EDTA, or 10 mM EGTA with 2.5 mM Mg
2+
. In separate experiments, PRP was diluted 1:10 in Veronalbuffered saline (pH 7.4) containing 0.15 mM Ca 2+ and 0.5 mM Mg 2+ (VBS 2+ ) to attenuate the alternative pathway (20) , and incubated with 25 mg/ml C1q-inhibiting mAb (anti-C1q-85) (21, 22) for 10 min at RT. The PRP was centrifuged at 1100 3 g for 15 min at RT, and the plasma was removed.
Platelet preparation
After activation and centrifugation, pellets were washed three times with Tyrode's medium I (pH 6.5), containing 137 mM NaCl, 2.7 mM KCl, 1 mM MgCl 2 , 0.36 mM NaH 2 PO 4 , 12 mM NaHCO 3 , 2 mM CaCl 2 , 5.5 mM glucose, 3.5 mg/ml BSA (Sigma-Aldrich), 1 mM PGE 1 (Sigma-Aldrich), and 2 IU/ml heparin (Bioiberica, Barcelona, Spain). Each wash cycle consisted of suspension of the pellet in Tyrode's medium and incubation at 37˚C for 10 min, followed by centrifugation at 1100 3 g at RT for 10 min.
In some experiments, the platelets were washed prior to activation. Platelets were pelleted from PRP by centrifugation at 1100 3 g for 10 min and washed three times as described above to remove plasma proteins. After being washed, the platelets were pelleted and resuspended in Tyrode's medium I without the addition of BSA, heparin, or PGE 1 . The platelets then were activated by the addition of TRAP and incubated as described above. After activation, they were washed once and resuspended in Tyrode's medium I with BSA, heparin, and PGE 1 . Activated and nonactivated platelets were diluted to a concentration of 200 3 10 9 platelets/l, and purified C1q (80 mg/ml), a-2-macroglobulin (250 mg/ml), or C3 (250 mg/ml) was added to the platelets and incubated for 30 min at RT. In experiments where platelets were incubated with purified C3, the protease inhibitor PMSF (1 mM) was added to the washing buffer to inhibit putative proteases that could cleave C3. In a few experiments, C1q was preincubated with soluble CS (50 mg/ml; Sigma-Aldrich) or low m.w. heparin (Fragmin) 50 mg/ml (Pfizer, New York, NY) on a shaker for 30 min at RT prior to being added to activated and nonactivated platelets. Platelets then were washed and labeled with Abs as described below.
In addition, supernatants from washed and TRAP-activated platelets were collected and analyzed for C3a (23) .
To study whether C3 bound to activated platelets could act as a ligand for CR1, 100 mg/ml biotinylated sCR1 was added to platelets that had been incubated with or without C3 (500 mg/ml) and incubated for 30 min at RT. After being washed, platelet binding was detected with streptavidin-FITC (Amersham Biosciences, Little Chalfont, U.K.).
Flow cytometric analysis of platelet-bound complement proteins
Flow cytometry was used to monitor the activation of platelets and demonstrate the binding of complement proteins to nonactivated platelets or platelets activated with 25 mg/ml (33.5 mM) TRAP. Samples (100 ml) containing 50 3 10 9 platelets/l were incubated for 60 min at RTwith each of the following Abs: mouse anti-human P-selectin-R-phycoerythrin (DakoCytomation, Carpinteria, CA), rabbit anti-human C3c (DakoCytomation), mAb 4SD17.3 against C3a (24), mAb C3-9 (25), rabbit anti-human C4 (DakoCytomation), sheep anti-human C9 (The Binding Site, Birmingham, U.K.), neo anti-human C9 mAb aE11 (Diatec, Oslo, Norway) (26) or sheep anti-human C1q (The Binding Site), anti-Mannan-binding lectin mAb (Antibody Shop A/S, Gentofte, Denmark), rabbit anti-human C-reactive protein (DakoCytomation), and rabbit anti-human a-2-macroglobulin (DakoCytomation). All of the Abs were labeled using an Alexa Fluor 488 kit (Invitrogen). Exposure of CS on TRAP-activated platelets was monitored with biotinylated IgM monoclonal anti-CS-A (Seikagaku Kogyo, Tokyo, Japan) and detected with streptavidin-FITC (Amersham Biosciences). The following were used as negative controls at a final concentration of 10 mg/ml: sheep anti-mouse Ig-FITC (The Binding Site), rabbit anti-mouse Ig-FITC (DakoCytomation), mouse Ig-G1-FITC (DakoCytomation), and mouse IgG1-biotin and goat anti-rabbit Ig-biotin, both detected using streptavidin-FITC (Amersham Biosciences). In each experiment the activation status of the platelets (control and experimental) was ascertained by monitoring the expression of P-selectin.
After being stained, the platelets were washed and fixed with 0.2% paraformaldehyde. The bound fluorochrome-labeled Abs were monitored with a FACSCalibur (BD Biosciences, San Jose, CA) and CellQuest Pro software. For each sample, ∼30,000 cells were analyzed.
Biotinylation of CS
CS-A sodium salt (Sigma-Aldrich) was biotinylated via a primary amine in the protein core. CS (20 mg) was dissolved in 0.1 M phosphate buffer (pH 7.6) (2 ml), and 1.7 mg biotinamidohexanoic acid N-hydroxysuccinimide ester (Sigma-Aldrich) was added to the solution and incubated at 4˚C for 10 h. The unconjugated biotin and reaction byproduct were removed with a PD-10 desalting column (GE Healthcare, Uppsala, Sweden).
Preparation of CS-coated microtiter plates
Microtiter plates (Nunc Maxisorb Immunoplates; Nunc, Naperville, IL) were coated with 100 ml streptavidin (5 mg/ml; Sigma-Aldrich). The wells were then blocked with 0.05% Tween 20 (Sigma-Aldrich) in PBS for 30 min at RT. Biotinylated CS (100 ml, 5 mg/ml) was subsequently bound to the streptavidin layer by incubation for 60 min at RT.
Binding of C1q and C3 fragments to CS
Purified C1q (70 mg/ml) was incubated with soluble CS (0-20 mg/ml) for 30 min at RT. Thereafter, the samples were transferred to CS-coated microtiter plates, and bound C1q was detected by sheep anti-human C1q (The Binding Site) followed by HRP-conjugated rabbit anti-sheep IgG (DakoCytomation).
Serum, diluted 1:10 in VBS 2+ in the presence or absence of the inhibitory mAb anti-C1q-85 (21) (0-50 mg/ml), was incubated in the wells of microtiter plates coated with CS at 37˚C for 60 min. After being washed, bound C1q was detected as above and C3 fragments (resulting from complement activation) were detected using HRP-conjugated rabbit anti-human C3c (DakoCytomation). Control experiments using serum diluted 1:10 in VBS supplemented with 10 mM EGTA and 2.5 mM Mg 2+ were performed in parallel. Data are presented with background values (i.e., EGTA-Mg 2+ control) subtracted. This set of experiments was performed to test the inhibitory effect of the anti-C1q-85 mAb on surface-induced complement activation by the classical pathway.
Western blot analyses
Western blot analysis was performed to characterize the platelet-associated C3.Onemilliliter ofactivatedornonactivatedPRP wascentrifuged at11003g for 10 min at RT, and the pellet was washed three times as described earlier.
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on March 24, 2010 www.jimmunol.org containing 0.05% Tween 20 and 1 mM PMSF to remove surface-bound proteins. The samples then were centrifuged, and the supernatants were boiled with 10% SDS reducing sample buffer and subjected to 10% SDS-PAGE. The separated proteins were electrophoretically transferred onto a polyvinylidene difluoride membrane and blocked with PBS containing 1% BSA. HRP-conjugated polyclonal anti-C3c (DakoCytomation) or anti-C3a (24) Abs were used to detect the blotted proteins. Purified C3, C3b, iC3b, C3 (H 2 O), and iC3(H 2 O) were used as controls together with zymosan-activated normal human serum (containing C3a in addition to nonactivated intact C3).
In initial experiments, platelets were first eluted as described above to remove surface-bound proteins, then lysed in the presence of 1 mM PMSF and subjected to Western blot analysis. Because no C3 fragments were detected in the lysate, subsequent experiments were performed on the platelet eluate only.
In other experiments, washed, TRAP-activated platelets prepared as described above were incubated with C3 (500 mg/ml) and factor I (10 mg/ml) in the presence and absence of factor H (80 mg/ml). After incubation, the platelets were washed twice and then incubated for 10 min at 37˚C with PBS containing 0.05% Tween 20 and 1 mM PMSF or with PBS containing 0.05% Tween 20, 10 mM EDTA, 50 mg/ml soybean trypsin inhibitor, 1 mM theophylline, 20 mM benzamidine, and 0.5 mg/ml PGE 1 (final concentrations). The samples then were centrifuged, and the supernatants were boiled with 10% SDS reducing sample buffer and subjected to 10% SDS-PAGE as described above. HRP-conjugated anti-C3c was used for detection.
Statistical analysis
Results are presented as means 6 SEM. Differences between means were evaluated statistically using the Wilcoxon paired nonparametric test or repeated measures ANOVA followed by the Tukey-Kramer multiple comparison test for calculating differences in data containing more than two variables. For statistical analysis, Prism 4 for Macintosh software (GraphPad, San Diego, CA) was used. In each case, the n values refer to independent experiments using platelets or plasma from different blood donors.
Results
Binding of complement proteins to activated platelets in PRP and whole blood
Deposition of complement components on the surfaces of activated platelets in PRP and whole blood was investigated by flow cytometry. Platelets in lepirudin-anticoagulated PRP and whole blood were activated with 33.5 mM TRAP. These experiments clearly indicated that C1q (p = 0.0011), C4 (p = 0.0002), C3 (p = 0.0001), and C9 (p = 0.0039) bound to TRAP-activated platelets in PRP (Fig. 1) to the same extent as in whole blood (data not shown). The mAb aE11 specific for a neoepitope in activated C9 did not bind to platelets under these conditions (data not shown). No binding of Mannan-binding lectin, C-reactive protein, or a-2-macroglobulin to activated platelets was detected.
Inhibition of C1q binding to immobilized CS by preincubation with soluble CS
Purified C1q bound to CS immobilized on the surfaces of microtiter plates. The binding of C1q decreased in a dose-dependent fashion when C1q had been preincubated with soluble CS and demonstrated that the binding was specific. Fifty percent inhibition was seen at ∼4 mg/ml CS ( Fig. 2A) . By extrapolation of the dose curve, it was estimated that total inhibition of binding of C1q required∼50 mg/ ml soluble CS. Therefore, this concentration of CS was employed in subsequent experiments using flow cytometry.
Binding of purified C1q and C3 to washed, activated platelets
To demonstrate that C1q and C3 bind to activated platelets in the absence of plasma complement components, washed platelets were TRAP-activated and incubated with purified C1q (Fig. 2B, 2D) . Binding of C1q to washed, TRAP-activated platelets was slightly higher when purified C1q was used compared with binding of C1q to platelets activated in PRP, which is believed to be due to the noncompetitive environment created when platelets are washed and incubated with purified proteins. The binding of C1q could be inhibited substantially by preincubation with both CS (Fig. 2B,  2C ) and low m.w. heparin (Fig. 2D, 2E) .
Likewise, purified C3 that was added to washed, TRAP-activated platelets in PRP (Fig. 3A, 3B ) had a binding pattern similar to those of C3 bound to platelets activated in PRP (Fig. 1E ) and in whole blood (data not shown), suggesting that binding of C3 to activated platelets occurred independent of complement activation.
Neither C1q nor C3 was detected on washed, activated platelets that had not received exogenously added components. In addition, no C3a wasdetectedinthesupernatantsfromwashed,TRAP-activatedplatelets.
Attempts to block the binding of C3 to activated platelets by inhibiting complement activation
The addition of Compstatin, which blocks the activation of complement at the C3 level, did not affect the binding of either C3 (Fig. 3C, 3D ) or C9 (data not shown) to the surfaces of activated platelets in PRP or whole blood, as detected by flow cytometry. A 10-fold dilution of PRP, which attenuates the activation of the alternative pathway (20) , also did not significantly affect the binding of C3 to platelets (Fig. 4A versus Fig. 1E , p = 1.00 for activated platelets). In addition, the presence of the inhibitory anti-C1q-85 mAb (25 mg/ml) did not inhibit the binding of C3 under the same conditions (Fig. 4A, 4B ). This Ab binds to the globular heads of C1q, blocking the binding of C1q (21, 22) and thereby attenuating the activation of the classical pathway. In control experiments, serum diluted 1:10 was incubated in CScoated microtiter plates in the presence or absence of anti-C1q-85. The Ab was effective in inhibiting the binding of C1q (Fig. 4C ) and C3 fragments (the result of complement activation), even at low concentrations, with total inhibition at an Ab concentration of 25 mg/ml (Fig. 4D) . Consequently, this concentration of anti-C1q-85 was chosen for subsequent experiments using flow cytometry.
Consistent with these results was our observation that the binding of C1q, C4, and C3 was not attenuated when PRP was activated by TRAP in the presence of EDTA (which totally inhibits complement activation) or EGTA (which inhibits classical pathway activation; data not shown).
Characterization of the bound C3 on activated platelets
To further characterize the bound C3 on activated platelets, we made use of two anti-C3 mAbs (Fig. 5) , both of which bind to neoepitopes of activated and conformationally changed C3 products but not to native C3. Anti-C3-9 is specific for the C-terminal a-chain-derived polypeptide of C3c (a4) that is exposed in C3b, iC3b, C3c, and C3(H 2 O) but not in native C3 and 4SD17.3 that binds to C3a (a1) in both C3(H 2 O) and C3a but not in native C3 (presented in Fig. 6D ). Both Abs bound to TRAP-activated platelets in PRP (Fig. 5) with binding profiles similar to that of polyclonal anti-C3c (Fig. 1E) , indicating that the bound C3 was nonproteolytically activated and still contained the C3a fragment, consistent with the binding of C3(H 2 O).
Western blot analyses
The conclusion from our binding experiments that C3(H 2 O) was formed on the platelet surface was supported further by the results of our Western blot analyses. Using a polyclonal anti-C3c Ab specific for the C-terminal end of the a-chain (a4) and the b-chain, we were able to detect the a-chain, the b-chain, and the a4 fragment (Fig. 6A, 6B) ; with a polyclonal anti-C3a Ab, we detected an 80-kDa polypeptide (a1-3) (Fig. 6C) . Both of these patterns are consistent with the pattern obtained when C3(H 2 O) is cleaved by factor I and factor H (Fig. 6D) . Thus, in our system, C3 was activated in a nonproteolytic way and cleaved to some extent by factor I.
Binding of sCR1 to platelet-bound C3
The binding of sCR1 to platelets was investigated by flow cytometry. Washed, nonactivated and activated platelets were incubated with purified C3, and after being washed, sCR1 was added to the platelets. sCR1 was shown to bind to TRAP-activated platelets that had been exposed to native C3, whereas on nonactivated platelets only background levels of sCR1 were detected FIGURE 2. Binding of purified C1q (A) (which had been preincubated with soluble CS at the indicated concentrations) to CS immobilized on ELISA plates. Data are presented as means 6 SEM (n = 3). Binding of purified C1q (B-E) (n = 6) to nonactivated (black lines) and TRAP-activated (gray lines) platelets, which had been incubated in the absence (thick lines) or the presence (thin lines) of 50 mg/ml soluble CS (B, C) or 50 mg/ml low m.w. heparin (D, E) prior to being added to the platelets. The curves indicating binding of species-matched negative control Abs (sheep anti-mouse Ig) to activated platelets coincide with the curves for nonactivated platelets using specific Abs. The difference in binding between the nonactivated and activated samples was statistically significant. ppp , 0.01; pppp , 0.001. (p , 0.05) (Fig. 7) . Washed, nonactivated and TRAP-activated platelets that had not been incubated with purified C3 were used as controls and showed only background levels of sCR1 (data not shown).
Discussion
In the current study, we have shown that activation of platelets elicits binding of complement components to the membranes of these cells. Our results indicated that this binding is not the result of complement activation but rather of the direct binding of the components to the activated platelets.
Binding of complement components to activated platelets has been demonstrated in a number of studies (e.g., Refs. 27-29). In the current study, we demonstrated that the complement components C1q, C4, C3, and C9 are present on the activated platelet surfaces. These components represent the whole range of complement components, from the beginning of the classical pathway to the end of the cascade (formation of the membrane attack complex). The general view has been that the deposition of complement components is a result of complement activation (8, 9) . Both the classical and the alternative pathways have been proposed as the activation pathway. However, there remains a need to clarify the exact mechanism by which platelets bind complement proteins.
The presence of CS-A as the main glycosaminoglycan in platelets has been well established by both biochemical and histologic techniques (30, 31) . The rapid release of CS from platelets has been demonstrated to occur in response to a variety of agonists, including ADP, collagen, adrenalin, and thrombin, resulting in an increase in plasma CS by up to 2 mg/ml within 3 min after activation (32) . CS also has been reported to be exposed on the surfaces of platelets after activation (30), and we have shown previously that CS released from activated platelets can activate the complement system in the fluid phase (7) . In this reaction, C1q was identified as the recognition molecule. We believe that the binding of C1q to platelets also is mediated partially by CS that is expressed on the activated platelets. Consistent with this hypothesis, we were able to substantially inhibit the binding of C1q to platelets by incubating C1q with soluble CS and low m.w. heparin.
Despite the fact that C1q binds complement components and activates the complement classical pathway in serum and plasma, its binding to activated platelets does not appear to activate complement. This situation was evident when potential complement activation was inhibited at the C1q (mAb C1q-85) and C3 levels (Compstatin) and the binding of C3 and C9 to activated platelets was studied by flow cytometry. Using polyclonal anti-C3c, we saw no difference in C3 binding, indicating that the inhibition of complement activation at the C1q and C3 levels had no effect on its binding. Furthermore, we found that purified C3 bound equally well to washed platelets in the absence of other complement components. Dilution of PRP, which attenuates the alternative pathway, and the presence of EDTA, which totally inhibits complement activation, had no effect on C3 binding. Western blot analyses demonstrated that the bound form of C3 had not been cleaved by convertases. Taken together, these experiments indicate that the binding of complement proteins to the surfaces of activated platelets is not a result of regular complement activation.
To clarify the nature of bound C3, we analyzed the activated platelets by flow cytometry using two mAbs specific for amino acid sequences present in C3c and C3a, respectively. Unlike the antiC3c polyclonal Ab, the anti-C3c mAb (C3-9) does not bind to native C3. The binding of this mAb to activated platelets demonstrated that C3 was bound in an activated form. Likewise, the second mAb (4SD.17.3), which is specific for a neoepitope in C3a, does not bind to native C3, but it also detects C3(H 2 O). The results of this analysis suggested that C3(H 2 O) had bound to the activated platelets. In a complementary set of experiments, Western blot analyses of extracts from activated and nonactivated platelets revealed a high m.w. 80-kDa band that could be detected with antiC3a. This size of this polypeptide band corresponds exactly to that of the N-terminal end of the factor I-cleaved C3(H 2 O) a-chain.
We also demonstrated that purified C3 bound to washed platelets could be cleaved by factor I. The fact that C3 was cleaved by factor I demonstrates that the thiol ester was disrupted, as is the case for C3(H 2 O). The cleavage occurred in the absence of exogenously added factor H, supporting the presence of factor H on the platelets (33, 34) . Considered together, our findings indicate that the disruption of the thiol ester of native C3 that was observed here is consistent with the formation of C3(H 2 O).
Although our data indicate that C3 deposited on the platelets was activated by the disruption of the thiol ester in C3 in the absence of proteolytic cleavage, the mechanism responsible for this reaction is still unclear. Studies to elucidate this mechanism are currently underway. Thus far, we have employed the blocking polyclonal Ab against P-selectin that was used in the original report by Del Conde (8) to determine whether P-selectin is involved in binding of C3 in our experimental system; the results have indicated that the Pselectin-specific Ab has no effect on the binding of C3 in our system (data not shown).
Our results support the concept that complement is not proteolytically activated on the platelet surface under physiological conditions. This lack of surface-associated complement activation may be explained by the large number of membrane-bound (e.g., decay-accelerating factor, MCP, and CD59) and soluble (e.g., factor H) complement regulators found on the activated platelet surface that probably serve to protect the platelets from complement attack (10) (11) (12) . Consistent with these observations, Ståhl et al. (29) have shown recently that aHUS patients with mutated factor H have a higher level of deposition of C3 and C9 and complement activation onto their platelets than control individuals; unlike the situation in normal individuals, this increased level is observed for both nonactivated and activated platelets. Combining aHUS patient sera containing mutated factor H and normal platelets resulted in complement activation and the activation and aggregation of platelets. The complement deposition and platelet activation were abrogated when platelets were preincubated with normal factor H or when normal serum was used (29) . Platelet activation and a decrease in platelet counts also have been reported in paroxysmal nocturnal hemoglobulinuria. Insertion of C5b-9 complexes into the platelet membrane as a result of diminished surface expression of decay-accelerating factor and CD59 results in complement activation (35) . In both of these conditions, the absence of complement regulatory function on the platelets contributes to the deposition of complement activation products, platelet aggregation, and thrombocytopenia. In normal individuals, platelets are more resistant to activation because of their surface expression of a normal repertoire of complement inhibitors.
It should be emphasized that the generation of C3(H 2 O) represents nonproteolytic activation of C3 into functionally active forms. Generation of C3(H 2 O) is pivotal for the initiation of the alternative pathway according to the tick-over theory reflecting that this form of C3 can form a C3 convertase (36) . However, as shown in this work, the platelet-bound C3(H 2 O) is cleaved by factor I and inactivated with respect to convertase formation into iC3(H 2 O). It is also well established that C3(H 2 O) and iC3(H 2 O) interact with C3 receptors, such as CR1(CD35) (23), CR2 (CD21) (37) , and a CR3 (CD11b/CD18)-like molecule from Candida albicans (38) . Interestingly, we found that sCR1 bound to washed and activated platelets that had been exposed to purified native C3 (39, 40) , which further links the transition of native C3 into C3 (H 2 O)/ iC3(H 2 O) upon binding to activated platelets to a biological function. We have demonstrated previously complex formation between platelets and monocytes/polymorphonuclear neutrophils, which was dependent on platelet-mediated C5a generation (7) . The binding of sCR1 to platelets exposed to exogenously added native C3 suggests that the bound C3(H 2 O) may act as a receptor ligand and be involved in complex formation (41) .
Taken together with the results of our previous study, the findings presented here indicate that complement activation occurs in the fluid phase in the vicinity of activated platelets, but under physiological conditions, no complement activation occurs on the surfaces of the platelets. This seems logical, because such activation would damage the platelets and elicit thrombotic reactions. This normal scenario is in direct contrast to that in a number of pathological conditions, such as paroxysmal nocturnal hemoglobulinuria and aHUS, in which regulators of complement activation are lacking and complement attack contributes to thrombocytopenia and thrombotic disease. In such conditions, complement activation is detrimental to the platelets and leads to platelet activation and thrombotic complications.
